Patients with multiple myeloma (MM) have experienced a significant improvement in treatment responses and survival outcomes for the past decades, after the introduction of novel agents [1, 2] . However, this cancer remains incurable, and new combinations of drugs need continuous investigation in order to secure constant advancement in the clinical setting.
We conducted a phase-2 study to evaluate the safety and efficacy of a readily accessible 5-drug regimen consisting of doxorubicin, cyclophosphamide, bortezomib, dexamethasone and lenalidomide (ACVDL), followed by bortezomib consolidation, in patients with newly diagnosed symptomatic MM according to the International Myeloma Working Group (IMWG) criteria [3] . The study was based on previously reported experience with other treatment regimens including combinations of bortezomib, cyclophosphamide and dexamethasone (VCD), regimens containing lenalidomide, bortezomib and dexamethasone (RVD), and the intensive regimen of bortezomib, dexamethasone, cyclophosphamide and lenalidomide (VDCR) tested in the EVOLUTION study [4] [5] [6] [7] . Furthermore, preclinical studies indicated that resistance to conventional chemotherapy including doxorubicin and melphalan might be overcome by concomitant treatment with bortezomib. Therefore, the combination and close timing of doxorubicin and bortezomib was part of the design of the ACVDL regimen [8, 9] .
The study was conducted as a single-center, investigator-initiated, non-randomized phase-2 trial enrolling both transplant-eligible and -ineligible patients with newly diagnosed MM. Patient characteristics are shown in Table 1 . Patients were assigned to receive at least four 21-day cycles of ACVDL: doxorubicin 50 mg/m 2 IV day 1, cyclophosphamide 750 mg/m 2 intravenous (IV) day 1, bortezomib 1.3 mg/m 2 IV days 2 and 9, dexamethasone 20 mg PO days 2, 3, 9 and 10 and lenalidomide 15 mg PO days 1 to 14. Transplant-eligible patients proceeded to standard high dose therapy (melphalan 200 mg/m 2 ; HDT-ASCT) followed by autologous stem cell transplantation (ASCT). In the case of unsuccessful stem cell collection on standard granulocyte-colony stimulating factor (G-CSF), plerixafor was used. Patients ineligible to HDT-ASCT received additional four cycles of ACVDL. To resemble real world patients as much as possible, the trial allowed inclusion of patients with light chain amyloidosis (AL). In these patients, doxorubicin was omitted from the treatment scheme to minimize cardiac adverse events.
Supportive and prophylactic treatment consisted of G-CSF administered from days 3 to 10, daily oral aciclovir 400 mg × 2 and From 2011 to 2014, a total of 35 patients with newly diagnosed symptomatic MM were enrolled in the study. Three of these patients had AL. The median age was 64 years (range 49-81). Four patients left the study prior to interim assessment (2 due to prolonged neutropenia, 1 due to the onset of depression after loss of his spouse and 1 due to refractory disease). Two transplant-eligible patients left the study between the interim assessment and stem cell collection due to progressive disease (PD). The median number of collected CD34-positive cells was 4.6 × 10 6 /kg (range 3.7-9.2) with a median viability of 97%. Nine (50%) patients received plerixafor in addition to the basic G-CSF stimulation regimen. One patient failed stem cell collection, despite the use of plerixafor and two collection attempts. The regimen of this patient was subsequently modified to include additional four cycles of ACVD without lenalidomide. Nineteen patients received consolidation therapy with bortezomib.
The overall response rate at the end of therapy was 80% with 28 patients from the ITT population achieving partial response (PR) or better. Sixteen patients (46%) achieved a very good partial response (VGPR) or better and 13 (37%) achieved complete response (CR) or better. Table 2 separately shows the response rates of HDT-ASCT-eligible and ineligible patients. Of note, the transplant-ineligible patients tended to have the best response rates (VGPR or better and CR or better), but, the differences were not significant. The mean cumulative dose of each drug in the ACVDL combination (delivered dose/planned dose × 100%) was: doxorubicin 75%, cyclophosphamide 97%, bortezomib 78%, dexamethasone 76% and lenalidomide 82%. We evaluated the effects of each drug on the response rates of patients who, as a minimum, underwent the interim assessment (n = 31). We found that patients who achieved VGPR or better (prior to HDT-ASCT or after eight cycles of therapy) had received significantly higher cumulative dosages of lenalidomide (p = 0.02), and had a trend towards exposure to higher cumulative dosages of bortezomib (p = 0.09). Nineteen patients received consolidation therapy with bortezomib. Responses deepened in four patients (1 SD → CR; 3 PR → VGPR), and remained unchanged in 12. In three patients, PD was detected during or just after the end of consolidation therapy (1 sCR → PD, 1 CR → PD and 1 PR → PD).
There were no treatment-emergent deaths. The most common grade 3 to 4 adverse events were neutropenia (60%), infections (43%), thrombocytopenia (26%) and anemia (23%). Two patients developed congestive heart failure after seven and eight cycles of ACVDL, respectively. One patient experienced progressive multifocal leukoencephalopathy after the eighth cycle of ACVDL. One patient was diagnosed with myelodysplastic syndrome during follow-up. Three patients discontinued consolidation therapy due to adverse events (fatigue, diarrhea and peripheral neuropathy, respectively). The most common grade 3 to 4 adverse events during consolidation were infection (15.8%) and fever (10.5%). A total of 49 serious grade 3 to 4 adverse events occurred during the entire course of therapy; the most common were infection (n = 22) and febrile neutropenia (n = 8). Adverse events are listed in Table 3 .
At the time of data cut-off on the 11th November 2019, the median (interquartile range) follow-up time was 90.4 (83.5; 94.2) months. At this time point 18 patients had died and 17 were alive. The median overall survival (OS) was 83.6 (45.4; not reached) months, Figure 1A . In the HDT-ASCT group, the eight-year survival was 76.2% and the 25th percentile was not reached. In the HDT-ASCT ineligible group, the median OS was 56.9 (36.9; 74.9) months. The median progression-free survival (PFS) was 26.2 (17.5; 35.0) months with one patient still in remission after ACVDL treatment (consisting of ACVDL and HDT-ASCT), four patients having started a second line of therapy without a progression event, and 30 having experienced progression on second line therapy or death, Figure 1B . In the HDT-ASCT group, the median PFS was 26.6 (18.9; 40.7) months. In the HDT-ASCT ineligible group, Table 2 Treatment response at interim and at end of therapy for the ASCT group and the non-ASCT group.
Response Interim (After 4 End of Therapy (3 Months Cycles of ACVDL) after HDT-ASCT or 1 Month after the Eighth Cycle of ACVDL)

HDT-ASCT n = 21
Non-ASCT n = 14
Non-ASCT n = 14 In conclusion, this phase-2 study is the first protocol to have prospectively evaluated the 5-drug combination of doxorubicin, cyclophosphamide, bortezomib, dexamethasone and lenalidomide as an induction and first-line regimen in newly diagnosed patients with MM. The ACVDL regimen was feasible and tolerable; however, the hematologic toxicities occurred at a higher rate than expected. The administration of doxorubicin and cyclophosphamide on day 1 in addition to the combination of lenalidomide and bortezomib resulted in a substantial number of neutropenic adverse events, which ultimately led to dose-reductions of lenalidomide and bortezomib. We suspect that the lower exposure to these novel agents had negative impact on the efficacy of the regimen.
Although combining intensive chemotherapy with the most effective anti-myeloma drugs of the time seemed plausible when this trial was designed, other new anti-myeloma drugs and drug combinations which are now available have had a greater impact on the treatment of MM. Quadruplet regimens consisting of proteasome inhibitors, immunomodulatory drugs and dexamethasone with the addition of CD38 monoclonal antibodies have recently been tested in the upfront treatment of MM and have achieved unprecedented depths of response [11] . In the light of these developments, the ACVDL regimen cannot be recommended as standard treatment for patients with newly diagnosed MM. If used as salvage therapy, the toxicity profile of ACVDL should be considered.
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